The purpose of this study was to measure and compare the biodegradability of fabrics in 
INTRODUCTION
The disposal of the fabric materials used in textiles [1] [2] [3] is a serious challenge to waste management.
Conventional methods for fabric waste management include land-filling, recycling and incineration. Increasingly, large scale composting is emerging as a viable disposal method for biodegradable materials. Currently, food, animal and other biodegradable waste streams are being successfully diverted from land-filling to composting waste streams. However, few textile materials are assessed in large scale composting streams although laboratory testing has confirmed their biodegradability [4] [5] [6] [7] .
ASTM D 5988-03 standard (Standard Test Method for Determination of Aerobic Biodegradation in

Soil of Plastic Materials or Residual Plastic
Materials after Composting) is designed to evaluate the extent and rate of aerobic biodegradation of fabric materials in contact with natural soil under controlled laboratory conditions.
The CO 2 produced is monitored and measured for each material. The degree of biodegradability is assessed by the amount of CO 2 produced and expressed as a fraction of the measured and calculated carbon content with respect to time [8, 9] .
The enzyme biodegradation process is another feasible laboratory method to measure the biodegradability of fabrics. Enzymes have different active components to decompose the corresponding chemical bonds of polymer materials and produce low molecular weight products [10] [11] [12] .
Composting as an option for waste treatment is a potential way to test biodegradation of the fabrics [13] [14] [15] . Compared with these laboratory conditions, the Composting Facility will have more significant microbial and enzymatic active components. The compost is created by: combining organic wastes (e.g., yard trimmings, food wastes, manures) in proper ratios into piles, rows, or vessels; adding bulking agents (e.g., wood chips) as necessary to accelerate the breakdown of organic materials; and allowing the finished material to fully stabilize and mature through a curing process. The composting facility used in this work uses a mature compost which contains approximately 850 tons of pre and post-consumer food scraps and compostables, 3300 tons of animal manure and bedding, and 300 tons of plant materials and soil. The mature compost is a stable material with content called humus that is dark brown or black, and has a soil-like, earthy smell. 
EXPERIMENTAL Materials
Four knit fabric samples were tested:
1. 100% cotton jersey, scoured and bleached, no finish (Cotton nf).
2. 100% cotton jersey, scoured and bleached, softener only (Cotton softener only).
3. 100% cotton jersey, scoured and bleached, resin plus softener (Cotton resin). 
Elemental analyzer
Elemental analyses of the fabrics were performed on a Carlo Erba NC2500 elemental analyzer.
Fabrics samples were introduced to the combustion column via a Costech Zero-Blank autosampler.
IR analysis
Diffuse 
Biodegradation methods
ASTM D 5988-03
The evolution of CO 2 from samples was used as a measure of biodegradation according to ASTM D 5988-03. All samples were cut into 25 strips with 2×2 cm dimensions.
The tests were carried out in desiccators at room temperature. For every sample, a blank, a positive control, and a specimen in positive control were introduced in the desiccators. The blank was only natural soil; the positive control was natural soil in which ammonium phosphate solution was added.
The specimen in positive control was the natural soil in which fabric samples and ammonium phosphate solution were added. In each desiccator, 50 mL of 0.5N KOH in a 100 mL beaker and 100 mL of distilled water in a 150 mL beaker were placed on the perforated plate (shown in Figure 1) to maintain the moisture in the soil at 61%. Where W t (%) is the percent weight loss after t days of incubation, W 0 is the original weight of the fabric sample before immersion and W t is the weight of the dry fabric sample after t days of incubation. 
RESULTS
Analysis of biodegradation degree by ASTM D
5988-03
Morphological study
The SEM images of the fabric specimens before and after biodegradation testing by ASTM D 5988-03 and composting methods were shown in The natural soil and compost contained multiple types of organisms, cellulose, and other enzymes.
The enzymatic hydrolysis firstly removed the outer layers from the fabric surfaces. Subsequently, the organisms converted the interior of the fiber to hydrolysates. These fibers showed completely destroyed structures which could be observed in Figure 7 and Figure 8 .
Analysis of polyester fabric
On the 32 nd day, polyester showed an unexpectedly high degree of degradation in ASTM D 5988-03 testing, and then the degree of biodegradation leveled off in the following test. Also, the positive samples, including the soil and different quantities of (NH 4 ) 2 HPO 4 , consumed a different HCl volume.
This might be experimental deviation. There were several reasons which might explain the deviation:
1) For every sampling, 10 g out of 100 g KOH was used to titrate, and then the total volume of HCl consumed would be 10 times the titrated HCl volume.
2) Different quantities of (NH 4 ) 2 HPO 4 in the soil were used for different positive samples and testing samples.
3) IR data showed that polyester fabric was modified PET (as shown in Figures 10-14) which could lead to higher degradation.
Structure analysis by IR
The FTIR spectrums of pure PET, reported from SDBS ( Figure 10 ) and the American Institute of Physics (Figure 11) , had similar peaks. Compared to the FTIR spectra of pure PET from the literature, the polyester sample used in this work ( Figure 12) had the same peaks from 1900 to 600 cm -1 .
However, the polyester sample did not show any peak from 4000-2000 cm -1 . The peaks in this range were attributed to aromatic heterocyclic groups, hydrogen bond or hydroxyl groups. The peaks in the IR spectra of the polyester fabric appeared in the range of 600-2000 cm -1 (see Figure   13 ). The waves were assigned as follows: The main structure of the polyester sample had ester, alcohol, anhydride, aromatic ring and heterocyclic aromatic rings. Alcohol was able to react with anhydride and produce ester groups. That was the reason there was still alcohol and anhydride as residual reactants left in the polyester. The carboxyl, ester, anhydride and alcohol groups showed the polyester fabric was not pure PET. The peak at 1407 cm -1 corresponded to the aromatic ring which was a stable group. It was the characteristic absorption peak of PET. The peaks at 1717 and 1092 cm -1 were assigned to the ester group which preferred to break under certain conditions. The peak height ratios of the ester group to the aromatic ring group were selected to analyze the biodegradation possibility of polyester fabric as shown in Table III . The peak height ratios did not change substantially compared with the starting polyester. The intramolecular changes of the cotton fabrics before and after degradation by three methods are illustrated in Figures 15-17 . The absorption in the region of 3600-3100 cm -1 was due to the stretching of -OH groups [16] [17] [18] and at 3000-2800 cm -1 to the CH stretching, the slight decrease of these contents after degradation indicated that hydrogen bonds and methyl and methylene of cellulose had some rupture, therefore, organisms could attack the cellulose chain easily [18] [19] [20] [21] . 
